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THE ACTIVATION OF THALAMO-CORTICAL NEURAL NETWORK BY NOXIOUS ME-
CHANICAL STIMULATION: A MULTICHANNEL RECORDING STUDY
WANG Jin-Y an, LUO Fei
( Key Laboratory of M enta l H ealth, Institute o f Psychology, Ch inese A cadem y o f Sc ience, Be ijing
100101)
Abstract Ob jective: To sim ultaneously record the nociceptive neurona l act iv ityw ith in m ed ial and latera l
pa in pathw ays in aw ake rats, and explore the nociceptive coding patterns and functional connect ions a t
thalam o-cortica l leve.l M ethods: R ats w ere anesthetized and m ounted on a stereo tax ic apparatus. Four
m icroarrays w ere im planted un ilaterally into the target thalam ic and cortical areas. S imu ltaneous recording
of thalam o-cort ica l sing le neurons w as obta ined in the aw ake state during the de livery o f nox ious or innoc-
uous stim ul.i Ana lysism ethods invo lved sliding-w indow techn ique, cross-correlat ion com putation, cluster
analysis and d iscrim inant analysis. Resu lts: A total of 180 sing le neurons w ere detected in seven rats.
Both nox ious and innocuous m echan ica l stim uli induced predom inantly excitatory responses w ith in recor-
ded areas. The pa infu l stim u ligave rise to h igher response intensity, larger percentage of respond ing neu-
rons, and stronger inter-regional cross-correlations com pared to nonpa infu l st imu l.i Furtherm ore, by com-
parison o f neura l ensem b le perform ance d iscrim inating painful from nonpainful m echan ica l st imu l,i it
seem ed that the discrim inat ion capab ility o fm ed ia l system w as som ehow better than lateral system. Con-
clusion: The central nervous encod ing o f noc icept ion depends on the ex tensive act ivation ofm ultiple bra in
regions. The d iscr im ination capab ility ofm ed ial versus lateral system w as differen,t wh ich m ay be re lated
to the property of st imu lation per se.
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选用成年健康雄性 Sprague-D aw ley大鼠 ( n =
7)。初始体重为 200~ 250 g,单笼饲养,自由进食和





m g /kg;双臂立体定位仪 (M ode l 962) , 美国 Dav id
K opf精密仪器公司; 体视显微镜 ( SMZ-140) ,北京麦
克奥迪仪器仪表有限公司; 示波器 ( POS9020, 20
MH z) ,澳门光电仪器有限公司;多通道记录系统,美
国 B iog raph ics (W inston-Sa lem, NC )公司生产提供,
包括微电极阵列 (每个微电极阵列由 8根电极丝组
成,排列成 2: 4或 3: 3: 2的矩阵 )、实验操作箱 ( 44







皮层 ( the prim ary som atosenso ry cortex, S I)定位于
bregm a后 1. 0 mm (-1. 0A ),中线旁开 2. 0 mm ( L) ,
深距颅骨表面 2. 0 mm ( V ) ;②前扣带皮层 ( the an-
terior c ingulate cortex, ACC ), 3. 2A, 0. 8L, 2. 5V; ③
丘脑腹后外侧核 ( ventral posterior lateral nuc leus of
tha lamus, VPL) , -3. 0A, 3. 0L, 6. 0V; ④丘脑束旁核
( parafascicu lar nucleus, P f) , -4. 2A, 1. 3L, 6. 0V。利
用立体定位仪将微电极阵列缓慢推进至靶脑区。单
侧植入,左侧 n= 4,右侧 n= 3。
4.疼痛刺激
将清醒动物束缚于塑胶支架上, 采用特制的机
械测痛笔,尖端直径 1. 5 mm,另一端作用于一弹簧,
弹簧所受的力通过压力刻度表显示。当笔的尖端压
迫大鼠足背皮肤时,刻度表指针即可显示所施加的
压力。痛刺激强度设定为 80~ 100 g,刺激持续时间
为 700 m s,刺激部位为对侧足背皮肤。为避免组织
损伤,连续两次刺激部位相距 5 mm以上。对照刺
激为 5~ 10 g、其它条件不变的触觉刺激。痛、触刺
激随机搀杂给予,各 80次左右。
5.统计学分析






值 )进行配对 t检验, 以连续 3个窗口出现 P < 0.
005作为评价显著性反应的标准, 使总体显著性达
到 P < 0. 05。 ( 3)将滑行窗口计算所得到的 P值转












鼠, 给电极通以阳极直流电 (强度 10~ 20 LA, 持续
10~ 20 s,使电极尖端涌出铁离子 )。 4%多聚甲醛
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结 果
同步记录到 180个神经元的单位电活动,其中







Table 1 Percen tage of re spond ing neurons induced by pain fu l or con trol stim u li





ACC 19 3 22 ( 52. 4% ) 33 3 36 ( 85. 7% ) * *
Pf 18 4 22 ( 46. 8% ) 34 3 37 ( 78. 7% ) * *
S I 22 2 24 ( 57. 1% ) 33 2 35 ( 83. 3% ) *
VPL 21 3 24 ( 49. 0% ) 33 4 37 ( 75. 5% ) *
* , * * :与对照刺激引起的反应相比, P < 0. 05, P < 0. 01, Ch -i square test, com pared w ith th e con tro.l
E, excitatory response; I, inh ib itory respon se





(P < 0. 05 )
F ig. 1 Th e firing rate induced by pain and contro l stim u lat ion in the
sam e neu ron. The bottom row s show ed th e result of com parison b etw een
pain and touch-induced respon se u sing sl id ing w indow m ethod. The
m ark ers along x-ax is indicated th e stat ist ically s ign if icant d ifference (P <
0. 05 )
利用聚类分析对 180个神经元按照标准化后的




激比触觉刺激引起增强的程度要高得多 ( P < 0.
05)。
对 SI-VPL和 ACC-Pf的神经元作交互相关分
析, 结果见表 2。当给痛刺激时, SI-VPL和 ACC-P f
之间显著相关的神经元比例比非痛刺激明显上升
(P < 0. 01)。该结果表明,痛刺激 SI-VPL和 ACC-P f
神经元之间的同步活动显著加强了。
对神经元群的活动作判别分析, 各个脑区的判
别正确率如表 3所示。只有 Pf有显著升高 ( V
2
检










tota l pairs of neurons
S I和 VPL神经元的相关性
Correlated neuronal pairs betw een S I and VPL
38 ( 12. 3% ) 75 ( 24. 4% ) * * 308
ACC和 P f神经元的相关性
C orrelated n eurona l pairs betw een ACC and Pf
28 ( 9. 2% ) 65 ( 21. 2% ) * * 306
* * :与对照刺激引起的相关活动相比, P < 0. 01, C h-i squ are test, com pared w ith the contro l
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表 3 四个脑区对伤害和非伤害刺激的判别正确率
Table 3 D iscrim inan t perform ance of the four brain areas
ACC Pf SI VPL
随机判别正确率
random d iscrim inan t performance
58. 7% 58. 6% 57. 6% 58. 8%
判别痛与非痛的正确率
d iscrim inant performance involving
noxiou s and innocuous st imu li
62. 9% 64. 0% * 61. 5% 62. 5%
* : 与随机判别正确率相比, P < 0. 05, Ch -i square test, com pared w ith random d iscrim inant p er form ance
图 2 通过聚类分析将四个脑区的全部神经元按反应模式归类。灰
度代表标准化后的放电频率
F ig. 2 C lu ster p lot d ep icts th e firing m od e of all n euron s in ACC, P,f
S I, and VPL du ring m ech an ica l st imu lat ion. The grayscale rep resen ts the
norm alized firing rate
图 3 痛与非痛刺激引起的神经元反应强度的不同
F ig. 3 C omparison of respon se m agn itude of ACC, P,f S I, and VPL
neu rons betw een pa in and con trol sessions
讨 论








































间上的明显先后性,这与早先 M elzack和 Casey的观
点一致
[ 6]













































参 考 文 献
1 Bow sher D. Term ination of the centra lpain pathw ay
in m an: the consc ious appreciation of pain. B ra in,
1957, 80: 606~ 622.
2 Brooks J, Tracey I. From nociception to pa in per-
cept ion: im ag ing the sp inal and suprasp inal path-
w ays. J Ana,t 2005, 207: 19~ 33.
3 T reede RD, Kensha lo DR, G race ly RH, e t a.l The
cortica l representation of pain. Pa in, 1999, 79:
105~ 111.
4 H udson AJ. Pa in perception and response: centra l
nervous system m echanism s. Can J Neuro l Sci ,
2000, 27: 2~ 16.
5 Pax inos G, W atson C. The rat brain in stereotax ic
coo rd inates. A cadem ic Press, San D iego, 1998.
6 M elzack R, C asey KL. Sensory, m ot ivational and
centra l contro l determ inan ts o f pa in: a new concep-
tua lm ode.l In: DR K ensha lo ( Eds. ), The Sk in
Senses. Thom as, Spring field, IL, 1968, 423 ~
443.
7 A lm eida TF, Ro izenblatt S, Tuf ik S. A fferent pa in
pathw ays: a neuroanatom ical rev iew. B rain Res,
2004, 1000: 40~ 56.
8  Apkarian AV, H odge CJ. Prim ate sp ino tha lam ic
pa thw ays: III. Tha lam ic term inations o f the do rso-
latera l and ventral sp ino thalam ic pathw ays. JCom p
Neuro,l 1989, 288: 493~ 511.
9 M arin i G, P ianca L, Tred ici G. Thalam ocortica l
pro ject ion from the parafasc icular nucleus to layer
V py ram idal cells in fronta l and cingu late areas o f
the ra.t N eurosc iLet,t 1996, 203: 81~ 84.
10 Price DD. Psycho log ica l and neura lm echanism s o f
the affective dim ension of pain. Science 2000;
288: 1769~ 1772.
11 S ikes RW, Vogt BA. Noc icept ive neurons in area
24 of rabb it c ingulate cortex. J N europhysio,l
1992, 68: 1720~ 1732.
12 W ang JY, Luo F, Chang JY, et a.l Parallel pa in
processing in freely m ov ing rats revea led by dis-
tributed neuron recording. B ra in R es 2003, 992:
263~ 271.
13 H utch ison WD, Dav is KD, Lozano AM, et a.l
Pain-re lated neurons in the hum an cingulate cor-
tex. N atN eurosc,i 1999, 2: 403~ 405.
14 N ico le lis MA, Ghazanfar AA, Fagg in BM, et a.l
Reconstruct ing the eng ram: sim ultaneous, m u lt-i
site, m any sing le neuron reco rd ings. N euron,
1997, 18: 529~ 537.
#352# 中国疼痛医学杂志 Ch inese Journa l of Pa in M ed icin e 2006, 12, ( 6 )
